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.c ABSTRACT 

As a p a r t  of s t u d i e s  on t h e  mechanical p rope r t i e s  of 

1 

F/W materials, the  methods of determining four  elastic 
moduli, namely Young's moduli E 
and v2 of F/W cyl inders  as o r tho t rop ic  p l a t e s  w e r e  d i s -  
cussed ( a x i a l  and c i rcumferent ia l  d i r ec t ions  w e r e  used as .s 

t h e  p r i n c i p a l  d i r ec t ions  1 and 2 r e spec t ive ly ) ;  and a 
r e l a t ionsh ip  between these  values and the  winding p a t t e r n  
w a s  obtained. Considerable d i f fe rences  e x i s t  between t h e  
t r u e  E 1  and E2 values and t h e  apparent values. 
poss ib le  upper l i m i t s  of t h e  F/W cyl inder  under i n t e r n a l  
pressure  are a l s o  discussed. 

E2,  Poisson's r a t i o s  U 1' 

The 

1. Int roduct ion  

One of t h e  aerospace materials is filament-wound (abbr. as F/W he rea f t e r )  
material, a type of FRP. This material is  f requent ly  used i n  a c y l i n d r i c a l  
o r  a similar formwhich i s  subjected t o  i n t e r n a l  pressure ,  such as i n  a rocket 
chamber. Therefore, as a p a r t  of a series of  s t u d i e s  on F/W materials which 
are t o  be continued i n  the  fu tu re ,  a few s t u d i e s  were made on t h e  mechanical 
p rope r t i e s  of the  materials i n  the  above-mentioned forms and the  methods used 
i n  t h e i r  measurement. 

/ 4 9 7 "  

- ~- * 
P a r t  I of t he  series is  reported i n  t h i s  paper. This s e c t i o n  concerns 

the  determination of e l a s t i c  moduli of F/W cyl inders .  
as is ins tead  of i n  s m a l l  specimens with broken f i b e r s  a t  t h e  end, and attemprrs 
w e r e  made t o  determine four  elastic constants (Young's moduli, El, E$, Poisson's/498 
r a t i o s  v l  and v2 with 1 and 2 as t h e  p r i n c i p a l  d i r e c t i o n s )  of t h e  cy inde r s  as 
o r tho t rop ic  p l a t e s .  Disregarding the  changing appearance caused by winding 
p a t t e r n  and v i ,  v2, i t  w a s  proven t h a t  t h e  apparent E 1  obtained from a l / ~ l  and 
the  apparent E2 obtained from o2 . /~2  d i f f e r  a g r e a t  d e a l  from the  t r u e  E 1  and E2. 

F/W cyl inders  were used 

2. Methods of Measuring the  Plane S t r e s s  and the  Elastic 
Constant of Orthotropic P l a t e s  
_- - 

Before der iv ing  the,methods of measurement, w e  would l i k e  t o  expla in  b r i e f l y  

*Numbers given i n  the  margin i n d i c a t e  t h e  pagination i n  the  o r i g i n a l  fore ign  
tex t .  
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t he  s t r e s s - s t r a i n  r e l a t ionsh ips  i n  plane stress on o r tho t rop ic  p l a t e s .  
cy l inders ,  when developed, can be considered as o r tho t rop ic  p l a t e s .  Generally, 
t he re  are two elastic axes of symmetry (p r inc ipa l  elastic d i r e c t i o n s ) ,  1 and 2, 
of o r tho t rop ic  p la tes , -  and t h e  elastic l a w  f o r  these d i r ec t ions  can be ex- 
pressed i n  t h e  same form as t h a t  f o r  i s o t r o p i c  p l a t e s .  
b o l s  are .as follows: 

F/W 

I n  Figure 1, the  sym- 

Fig. 1 Elas t ic  l a w  of p r i n c i p a l  elastic 
d i r e c t i o n  and general  d i rec t ion .  

- * 
1, 2: p r i n c i p a l  e las t ic  d i r ec t ion .  

al, u2, T: 

El, E2: 
vl, v2: 

G: 

cl, E * ,  y: 

x, y: 
1 and 2, - -- 

Tens i le  stress 5 i n  *di rec t ions  1 and 2, and t h e  shearing stress 
T between them. - 

Young's moduli of d i r e c t i o n s  1 and 2. 

Potsson's r a t i o s  t o  d i r e c t i o n s  1 and 2. 
7 

_. 

shear ing  e las t ic  moduli between 1 and 2. 

elongation s t r a i n  of d i r ec t ions  1 and 2, and shear ing  s t r a i n  
between 1 and 2. 

_ _  
or-thogonal axes,  forming angle 0 and p r i n c i p a l  d i r ec t ions  of e l a s t i c i t y  

- - ~ _. 
-- -- ._ - -- - - . - __ 

GJTY Txy: . t e n s i l e  stress t o  shearing stress i n  x, y d i r ec t ions .  

I s t r a i n  components t o  the  above stress components. * 

r 
t - - under these  conditions: 

1 -  

. .___. - - -  - 

Further,  t h e  following rec iproca l  r e l a t i o n  is  es tab l i shed:  

,- . 
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As f o r  t h e  general  d i r e c t i o n s ,  

1 

Five elastic cons tan ts  appear he re ,  namely El, E2, ul ,  v2,  and G, bu t  t h e r e  are 
fou r  independent e las t ic  constants because of t h e  rec iproca l  r e l a t i o n  (2) .  
sequently,  i n  order  t o  determine these,  four  independent relative equations are 
required. 

Con- 

L11 

3. Methods of Measurement 

Since G i s -ob ta ined  by t o r s i o n  experiments, i t  is handled separa te ly  here,  
and El: E2, vl, v2  are considered. 
penderit r e l a t i v e  equations are s u f f i c i e n t  . 

I n  order  t o  obta in  these ,  4 - 3 = 3 inde- 

(1) 

Axial d i r e c t i o n  and c i rcumferent ia l  d i r e c t i o n  of the  cy l inde r  are 1 and 2, 

I n t e r n a l  Pressure  T e s t  of Cylinder 

respec t ive ly .  
attached t o  t h e  su r face  of t h e  cy l inder  and t h e  d i r ec t ions  of the gauges are 
var ied  by angle 0 ,  which , i s  assumed t o  inc lude  both 0" and 90". When 0 = 0" 
and 90°,  we can compute al and a2 from t h e  i n t e r n a l  pressure,  P, s o  t h a t  two 
independent r e l a t i o n s  can be obtained f om equation (1): 

W e  s h a l l  assume a s i t u a t i o n  i n  which numerous s t r a i n  gauges are 

/500 

. . - - - . . - -- - - .  - - ___ . - 
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and, as can be  seen from equations (3)  and ( 4 ) ,  t h e  r e l a t i o n s  Ex, Ey, oxy oyy 
f o r  o the r  0 do not y i e l d  independent r e l a t i o n s  and can only be used f o r  checking 
the above data.  

___I_ __-___,__ ----'-------^,- - _  

- Key : 

a. 

1 b. 

gauge angle e = 90" 

gauge angle 0 = 0" 
I b +YS=O' c PlPnP 

, acl-'/s-w 
-?-. -____- __i _-, ____-.._ *---- i 

Fig. 2 Measurement i n  a cy l inder  c .  i n t e r n a l  pressure  P. Q 

under i n t e r n a l  pressure.  
- 

2 J When u n i a x i a l  t ens ion  is loaded as shown i n  Fig. 3,  

I 
I 

Uniaxial  Tension i n  CyliEder 

- - - -  , - - .__ - . 

I From t h e  sbove (7) and (8), t h e  th ree  necessary independent 
I relative equations are obtained. 

i a 
I 

J 
I 

i I 

Fig. 3 Measurement 
in a cyl inder  sub jec t  
t o  un iax ia l  load i n  
the axial d i r ec t ion .  

Fig. 4 Measurement with t h e  
TSAS r i n g  test. 
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(3) 

This 

When 

ISAS Ring T e s t  

for ver i fy ing  E2. 

-- - 

- I . - - 

,is obtained; next,  from (7), - 
- -. .-- 

,__ _.I_____-- -....--" _. - _  
,viE?c!2,%!Lu$?(!l 

Ea Et Et , 
i 

.. , i 

i 

I 

D -- - . .  i , . . ~ - _,/? . - ----r-C- ---. _._ - -. - __ - __  - - __- 
Subscr ip ts  (1) and (2) i n d i c a t e  respec t ive ly  the  values obtained from the  

i n t e r n a l  pressure  test and the  uniax ia l  tension test of cyl inders .  

4. F/W Cyl indr ica l  Specimens 

The d e t a i l s  of specimens are shown i n  Table 1 and Fig.. 5. 

r l  

Fig. 5 Dimension of F/W c y l i n d r i c a l  specimens. 
. I-__ - - - __ - . . 
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I 

I1 

11 

I# 

I1 

. 1000 400 40 
20 
50 
70 
40 

I I  I 1  

I 1  11 

11 11 

3 
4 103* 

6 107* 
7 108* . 11 91 

- 5 106* - 

s p i r a l  winding only ' ,  

- .  
g las s  f i b e r  roving 20 ends cross x ECE 20 230 

, r e s i n  epoxy (*epicoat - 828) curing agent HHPA * 

' g l a s s  conten t ,  about 75% (wt.) ~ 

J *Nos. i n  Figs. 7-10 
,**According t o  n e t t i n g  analyses,  t he  f i b e r  d i s t r i b u t i o n s  i n  a l l  cases are of 

equal values as one axial d i r e c t i o n  and two c i rcumferent ia l  d i r ec t ions .  

t- 
I 

5. Results of Actual Measurements and t h e i r  Evaluation, 1 ' 1  

I : 
Upper L i m i t s  of E of the  F/W Cylinder 

i 

The method of measurement was: f i r s t  El w a s  obtained by un iax ia l  loading 
as described i n  3,  then d a t a  w a s  obtained from i n t e r n a l  pressure  tests. - 

R 

- _. I - - - -- ___._ _ -  -- 

Fig. 6 Pos i t ion  f o r  S t r a i n  Mea- 
surements. 
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la = s i g n  X is the  cal- 
cu la ted  value 

* 

Fig. 7 Measurement of t he  elastic con- 
s t a n t  i n  c y l i n d r i c a l  specimens with wind- 
i n g  angles of 20" + 90". 

--. *w - E,. 

=m 
- 4 

PI. 
&% : 

, 0 0 .  * 

r 
a = ( s ign  X is t h e  
ca l cu la t ed  value) 

, 0.1 

1.., 
I 3 

GI kg/rnm* 
__.I_._____.--- - 

- .* 

Fig. 8 Measurement of t h e  elastic constant i n  
c y l i n d r i c a l  specimens w i t h  winding angles of 
50" f 90". 
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obtained i n  the  i n t e r n a l  press 
10. The summarized r - 10, the  mea 

sses are very 
f c 4 5 ,  i n  t h e  d i  
om cl and c2 and prove t h  
specimen with a w i  

1 

! 0 2 r s  

o . i ~ ~  

0 0  
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No. 108 (4Oo,X) 
2210 VI '0 .505 

Ea * 2160 V *  '0.484 

a =  . .  

* 
. d o  kg/mm' . - -  - - . - _ _  - 

Fig. 10 Measurement of t he  elastic constant i n  
c y l i n d r i c a l  specimens with a winding angle of 40'. 

i 

0 
0 IO 20 X )  4 0  50 60. 70 80 

X x x  x .  

j504 

( s ign  X i s  
the calcu- 
l a t e d  value) 

Fig. 11 Relationship of E and E to  wkd- 
i n g  angles. 1 2 
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‘ O L !  I I I I I I -L 

! 8 __--- __ .‘e -- (deg) = - ~ 

0 IO 20 30 40 50 60 70 00 - X x x  x .‘ 

Fig. 12 
i n g  angles. 

Relationship of v1 and v2 t o  wind- 

Table 2. True E 1’ E2, vl, v 2  and apparent E 1’ E2 
of F/W c y l i n d r i c a l  specimens. 

_ _  . .- 
- . 1 

\ windin2 angle ! 0 (deg) * 
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- - 6. Conclusion 
\ 

(1) Methods for-measuring 

(2) The apparent values d i  
t h e  values of Young's moduli. 

(3) The poss ib l e  upper l i m i t  of Young's moduli i n  F/W cyl inders  under 
i n t e r n a l  pressure  w a s  d i s c  -" 

- 
I 
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